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[0001] This application is based on an application No. 
2001-0557 68 filed in Japan, the contents of which are hereby 

.y, incorporated by reference. 
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m 10 BACKGROUND OF THE INVENTION 

g 

'"■--l (1) Field of the Invention 

^ [0002] The present invention relates to an image processing 

p^l apparatus, an image forming apparatus, and an image processing 

method, and especially to an edge enhancement processing 
0 15 technique . 

m 

(2) Description of the Related Art 

[0003] In practice employed in an image forming apparatus 
such as a digital color copier, an original image obtaining by 

20 reading a document is subjected to so-called edge enhancement 
processing in order to increase the density of edge areas (for 
example, boundaries between a character image and a background 
image) before such an image is formed on a recording sheet . Such 
edge enhancement processing is carried out by an image processing 

25 apparatus installed in an image forming apparatus in order to 
sharpen boundaries and thus to improve readability of, for 
example, charactersby widening the difference in density between 
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edge areas and background. 

[0004] In a conventional image processing apparatus, when 
a target pixel, i.e. a pixel currently subjected to processing, 
is judged to be a pixel in an edge area, the target pixel is 
5 enhanced by an enhancement amount that is determined in relation 
to pixels surrounding the target pixel within a predetermined 
area (hereinafter, this technique is referred to as ^^a first 

1^ prior art technique") . Although this technique successfully 

pa 

p sharpens boundaries, there is a problem as follows. That is, 

m 

since the edge enhancement processing is to simply add an 

enhancement amount to each pixel in edge areas in an original 
image, when density variations originally exit in the edge areas, 
not only that the density variations remain even after the 



m 

m ■ 



a ■ 
iij 

m processing, but also that the density variations become even 

0 15 more noticeable. 

ry 

[0005] To address the above problem, there has been another 

technique in which each pixel in edge areas is increased its 
density in a manner to reduce the difference in density with 
the surrounding pixels, and then an enhance amount as above is 
20 applied to each pixel (hereinafter, this technique is referred 
to as "a second prior art technique"). 

[0006] Although better then the first prior art technique, 
according to the second prior art technique, density variations 
that exist in edge areas of an original image still remain 
25 noticeable to a considerable extent even after edge enhancement 
processing. 
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SUMMARY OF THE INVENTION 

[0007] A first object of the present invention is to provide 
an image processing apparatus for performing edge enhancement 
processing in a manner to further reduce density variations. 
[0008] A second object of the present invention is to provide 
an image forming apparatus that employs such an image processing 
apparatus. 

[0009] A third object of the present invention is to provide 
an image processing method for performing edge enhancement 
processing in a manner to further reduce density variations. 
[0010] ( 1 ) The first ob j ect of the present invention described 
above is achieved by an image processing apparatus for conducting 
edge enhancement processing on an original image, comprising: 
an enhancement amount calculation unit for calculating a density 
enhancement amount for each edge pixel of the original image, 
the edge pixel being a pixel in an edge area in the image; an 
enhancement amount processing unit for correcting the density 
enhancement amount for each edge pixel in a manner to reduce 
variations in the density enhancement amounts in the overall 
edge area; a density processing unit for correcting a density 
of each edge pixel of the original image in a manner to reduce 
variations in densities in the overall edge area; and a density 
calculation unit for calculating an enhanced density of each 
edge pixel from the corrected density and the corrected density 
enhancement amount. 

[0011] (2) Alternatively, the first object of the present 
invention as described above is achieved by an image processing 



apparatus for conducting edge enhancement processing on image 
data, comprising: a judgment unit for judging whether a target 
pixel is an edge pixel which is in an edge area, based on the 
image data; an enhancement amount calculation unit for 
5 calculating first data expressing an edge enhancement amount 
for the target pixel based on the image data; a first processing 
unit for changing a value of the first data for the target pixel 
to a greatest value among first data of a) the target pixel and 
b) a plurality of pixels surrounding the target pixel; a second 
10 processing unit for changing a value of the image data of the 
O target pixel to a greatest value among image data of a) the target 

?M pixel and b) a plurality of pixels surrounding the target pixel; 

13 and an addition unit for adding the changed first data to the 

w 

rU changed image data of the target pixel that is judged to be an 

Q 15 edge pixel by the judgment unit, and for outputting the resulting 

m 

data . 

[0012] (3) The second object of the present invention 
described above is achieved by an image forming apparatus for 
forming an image, comprising the image processing apparatus of 

20 (1) , wherein 

the image is formed based on image data on which edge enhancement 
processing has been conducted by the image processing apparatus. 
[0013] (4) Alternatively, the second object of the present 
invention is achieved by an image forming apparatus for forming 

25 an image, comprising the image processing apparatus of (2), 
wherein the image is formed based on the image data on which 
edge enhancement processing has been conducted by the image 
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processing apparatus. 

[0014] (5) The third object of the present invention described 
above is achieved by image processing method for conducting edge 
enhancement processing on an original image, the method 
5 comprising steps of: calculating a density enhancement amount 
for each edge pixel of the original image, the edge pixel being 
a pixel in an edge area in the image; increasing the density 
enhancement amount for each edge pixel in a manner to reduce 
CI variations in the density enhancement amounts in the overall 

-Cj 

K 10 edge area; increasing density of each edge pixel of the original 

|l 

Q image in a manner to reduce variations in densities in the overall 

pj edge area; and calculating enhanced density of each edge pixel 

□ by adding the increased density enhancement amount to the 

fU 

pj increased density. 

§1 

m 15 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] These and the other objects, advantages and features 
of the invention will become apparent from the following 
description thereof taken in conjunction with the accompanying 
20 drawings which illustrate a specific embodiment of the invention. 
In the drawings : 

[0016] FIG. 1 is a view schematically showing the overall 

construction of a digital color copier; 

[0017] FIG. 2 is a block diagram showing an image signal 
25 processing unit; 

[0018] FIG. 3A is a block diagram showing an area judgment 
unit included in the above image signal processing unit; 
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[0019] FIG. 3B is a view showing primary differential filters 
for detecting edges used by the above area judgment unit; 
[0020] FIG. 4 is a block diagram showing an edge enhancement 
processing unit which is included in an MTF correction processing 
unit which in turn included in the above image signal processing 
unit; 

[0021] FIG. 5A is a view showing an enhancement amount 
extraction filter used by an enhancement amount calculation unit 
included in the above edge enhancement processing unit; 



|j 10 [0022] FIG. 5B is a view showing a MAX filter used by the 

Q enhancement amount calculation unit included in the above edge 

y 

Rl enhancement processing unit; 

Q [0023] FIG. 5C is a view showing a MAX filter used by the 

re 

PJ enhancement amount calculation unit included in the above edge 

m 

P 15 enhancement processing unit; 



[0024] FIG. 6 is a view showing part of image data inputted 

to the above edge enhancement processing unit; 

[0025] FIG. 7 is a view showing the enhancement amounts 

calculated from the image data shown in FIG. 6; 

[0026] FIG. 8 is a view showing increased enhancement .amounts 

calculated from the image data shown in FIG. 7; 

[0027] FIG. 9 is a view showing increased densities calculated 

from the image data shown in FIG. 6; 

[0028] FIG. 10 is a view showing enhanced densities obtained 
by conducting edge enhancement processing on the image data shown 
in FIG. 6; 

[0029] FIG. IIA is a view showing enhanced densities obtained 
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by conducting edge enhancement processing on the image data shown 
in FIG. 6 in accordance with the first prior art technique 
(comparative example 1) ; and 

[0030] FIG. IIB is a view showing enhanced density obtained 
5 by conducting edge enhancement processing on the image data shown 
in FIG. 6 in accordance with the first prior art technique 
(comparative example 2) . 

3 DESCRIPTION OF THE PREFERRED EMBODIMENT 

f1 

C6 10 [0031] Hereinafter, description is given to one preferred 

fU 

Q embodiment of the present invention with reference to the 

"~H 

fU drawings. 

□ [0032] FIG. 1 is a view schematically showing the construction 

fU 

Hj of a digital color copier (hereinafter, referred to simply as 
g 15 "acopier") 1 according to the preferred embodiment of the present 

rU- ■ . 

■ invention. 

[0033] As shown in the figure, the copier 1 is broadly 
constructed of an image reader unit 100 for reading a document 
image, and a printer unit 200 for printing to reproduce the read 

20 image onto a recording sheet. 

[0034] The image reader unit 100 includes an automatic 
docxoment feeder (ADF) 101. Documents placed on a document tray 
102 of the ADF 101 are fed one by one to a glass table 103. A 
document fed to the glass table 103 is exposed to light emitted 

25 from an exposure lamp 105 included in a scanner 104 that runs 
in a sub-scanning direction indicated in the figure by an arrow 
A. The light reflected off the document surface is changed its 
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optical path as shown in the figure by a mirror 106 provided 
inside the scanner 104 as well as by mirrors 108 and 109 provided 
inside a mirror box 107 that travels in the same direction as, 
and at a half the speed of the scanner 104. The reflected light 
5 then forms an image on a three-line, reduction type full-color 
CCD sensor (hereinafter, referred to simply as "a CCD sensor") 
111 by passing through a lens 110. The CCD sensor 111 converts 
the reflected light from the document surface into analog signals 
of each color component, namely R (red) , G (green) , and B (blue) . 
m 10 The resulting analog signals are then converted into digital 
W data of each color component, namely, cyan, magenta, yellow, 

P4 and black through processing, which will be described later, 

Q conducted by an image signal processing unit 300 . The resulting 

ru 

fy digital data (image data) is then stored in an image memory (not 

ffi 

p 15 illustrated) provided within the printer unit 200. 

m 

[0035] The image data stored in the image memory is inputted 
to a laser control unit 201 that is also provided within the 
printer unit 200. The laser control unit 201 generates a laser 
diode drive signal that causes a laser diode 202 to illuminate. 

20 A laser beam emitted from the laser diode 202 is deflected by 
a polygon mirror 203 to pass through an f $ lens 204. The laser 
beam is then changed its optical path successively by mirrors 
205 and 206 so as to exposure-scan the surface (photosensitive 
surface) of a photosensitive drum 207 that rotates in the 

25 direction indicated by an arrow B. 

[0036] Disposed around the photosensitive drum 207 are an 
eraser lamp 208, an electrostatic charger 209, toner developer 
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units 210-213 of cyan, magenta, yellow, and black, respectively, 
and a transfer charger 214. Prior to being exposure-scanned 
as above, the photosensitive drum 207 has been irradiated by 
the eraser lamp 208 for diselectrif ication, and then uniformly 
5 charged by the electrostatic charger 209. When the uniformly 
electrified photosensitive surface is exposed to light, an 
electrostatic latent image is formed thereon. The 
electrostatic latent image is then developed by one of the above 

U 

Q toner developer units as a toner image. 

B 

^ 10 [0037] On the other hand, a recording sheet of a desired size 

Q is fed from one of paper feeding cassettes 215-217 . By the action 

H 

of an electrostatic-attraction charger 218, the recording sheet 
j~ is wound around (adheres to) a transfer drum 219 that rotates 

in the direction indicated by an arrow C. The recording sheet 

m 

15 is then carried to a position facing the transfer charger 214 
W where the toner image formed on the photosensitive drum 207 is 

transferred onto the recording sheet by the action of the transfer 
charger 214. 

[0038] The above process from exposure to transfer is repeated 

20 on a single recording sheet for each color of cyan, magenta, 
yellow, and black to form toner images of the colors being 
overlapped with each other, so that a color image is reproduced. 
[0039] The recording sheet on which the toner image is 
transferred loses its adhesive action to the transfer drum 219 

25 by a separation discharging charger 220- As a result, the 
recording sheet is separated from the transfer drum 219, the 
toner image is fixed by a fixer 221, and then the recording sheet 
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is ejected onto a tray 222. 

[0040] Note that in the case of reproducing a black-and-white 
image (monochrome copy) , the above process from exposure to 
transfer is carried out only for a black toner image. 
5 [0041] FIG. 2 is a block diagram showing the image signal 
processing unit 300. 

[0042] Analog signals obtained through photoelectric 
conversion performed by the CCD sensor 111 are converted by an 
g A/D converter 310 to multivalued digital image data of R, G, 

&I 10 and B. The image data is corrected by a shading correction unit 

W 

{3 320 in a manner to eliminate density variations among pixels 

Hi 

PJ caused in the CCD sensor 111 as well as variations in reading 

Q caused by uneven exposure by the exposure lamp 105, and then 

m 

ry inputted to a line-to-line variation correction unit 330. 

g 15 [0043] R, G, B chips in the CCD sensor 111 have document reading 
positions that are shifted with each other in the sub-scanning 
direction at predetermined intervals with the R chip being the 
first. For this reason, the line-to-line variation correction 
unit 330 selectively store's data on R and G of the image data 
20 (hereinafter, the data on R, G, B images are referred to simply 
as "R data", "G data", and "B data", respectively) in a FIFO 
memory (not illustrated) and delays the R data and the G data 
for predetermined time periods, so that the output timing of 
R data and G data coincides with the output timing of B data. 
25 [0044] The RGB data outputted from the line-to-line variation 
correction unit 330 is subjected to representative color system 
conversion by an L*a*b* conversion unit 340 to generate L* 
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(lightness index) data and a* and b* (chromaticness indices) data. 
The converted LVb* image data is then inputted to an AE processing 
unit 350. 

[0045] The AE processing unit 350 judges whether the document 
5 read is monochrome or color based on the inputted L*a*b* image 
data, and appropriately adjusts a under color to prevent a 
see-through image or fogging of background. 

[0046] After the under color adjustment, the LVb* image data 

O is converted back to RGB image data by a reverse L*a*b* conversion 

P 

^ 10 unit 360, and inputted to an LOG correction unit 37 OA and a color 

m 

p correction processing unit 370B. 

M 

Rj [0047] The LOG correction unit 370A converts the inputted 

P RGB image data serving as luminance data to density data on Y 

pj (yellow), M (magenta), and C (cyan), which are the colors of 

p 15 toners. On the other hand, the color correction processing unit 
370B generates density data on K (black) by conducting under 
color removal processing or masking processing on the density 
data . 

[0048] The CMYK image data serving as density data is sub j ected 

20 to edge enhancement processing, which will be described later, 
by an MTF (Modulation Transfer Function) correction processing 
unit 380, and then outputted to the printer unit 200. 
[0049] On the other hand, among the L*a*b* image data outputted 
from the AE processing unit 350, L* (lightness index) data is 

25 also inputted to an area judgment unit 390. The area judgment 
unit 390 judges whether a pixel corresponding to the inputted 
data is a pixel in an edge area or a pixel in a density flat 
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area. 

[0050] Note that such a pixel in an edge area (a pixel included 
in image edges) is hereinafter referred to as an edge pixel. 
[0051] FIG. 3A is a block diagram showing the area judgment 
5 unit 390. 

[0052] The L* data from the AE processing unit 350 is inputted 
to an edge detecting filter unit 391. As shown in FIG. 3B, the 
edge detecting filter unit 391 has primary differential filters 

p 3911 and 3912 for detecting edges. Each of the primary 

n 

g 10 differential filters 3911 and 3912 is formed of 3 by 3 pixels 

Q in the main scanning direction and the sub-scanning direction. 

HI "^^^ result Lm of primary differentiation of L* data in the main 

Q scanning direction and the result Ls of primary differentiation 

^ of L* data in the sub-scanning direction are outputted to a flat 

5 15 area/edge area judgment unit 392. 

-Q 

m [0053] The flat area/edge area judgment unit 392 judges 

whether the pixel currently processed is a pixel in a density 
flat area or a pixel in an edge area. To be more specific, the 
average value La of each absolute value of Lm and Ls obtained 
20 by the primary differentiation [La= (| Lm | + | Ls | /2 ) ] , the thus 
obtained value La is compared with a predetermined threshold 
value Lth. When La < Lth, it is judged that the current pixel 
is a pixel in a density flat area, and when La □ Lth, it is judged 
that the current pixel is an edge pixel. 
25 [0054] The reason for the above judgment is that generally, 
there is a large change in density at a boundary between a density 
flat area and an edge area. Accordingly, when the primary 
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■ differential value of lightness (index) is equal to, or greater 
than a predetermined value, the current pixel is judged to be 
an edge pixel. The reason for obtaining the primary differential 
values in two directions, which are the main scanning direction 
5 and the sub-scanning direction, is to raise reliability of the 
edge judgment. 

[0055] As described above, the flat area/edge area judgment 
unit 392 judges whether the inputted image data corresponds to 
Q a pixel in. a density flat area or an edge area, and outputs the 

5 10 result as an edge signal (an off signal when the pixel is in 
fcl ^ density flat area, and an on signal when it is an edge pixel) 

l=lj to the MTF correction processing unit 380 that follows, 

p [0056] FIG. 4 is a block diagram showing an edge enhancement 

j|j processing unit included in the MTF correction processing unit 

lU [0057] As shown in the figure, the edge enhancement processing 

unit is constructed of an enhancement amount calculation unit 
381, an enhancement amount increasing unit 383, and a density 
increasing unit 385 as well as their respective selectors 382, 
20 38 4, and 38 6 positioned immediately downstream from each unit. 
The selector 384 and the selector 38 6 are connected to an adder 
387 at their output ends. 

[0058] The enhancement amount calculation unit 381 extracts 
an enhancement amount to be applied to density data "D" of each 
25 pixel that is inputted from the color correction processing unit 
370B using an enhancement amount extraction filter 3810 formed 
of 5 by 5 pixels, as shown in FIG. 5A. Note that hereinafter. 
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the reference "D" is used to represent each pixel and its density. 
When a pixel D33 located at the center of the above filter is 
set as a target pixel, the enhancement amount calculation unit 
381 calculates an enhancement amount 0033 to be applied to the 
target pixel D33 by the following expression from pixels Dn, 
Di5/ D51, and D55 located on the corners of the square that is 
two columns and two rows away vertically and horizontally from 
the target pixel D33. 

[0059] OD33= I D33-INT { D11+D55+D15+D51 } /4 } I 

Q 

^10 wherein, INT{ }: an integer of the calculation result 

ru 

[0060] That is to say, the enhancement amount 0033 to be applied 
ry ^° target pixel D33 is an absolute value of the difference 

p in density between the target pixel D33 and the average of the 



ru 
ru 

5 15 



four pixels Dn, D15, D51, and D55 that are two columns and two 
rows away vertically and horizontally (in the sub-scanning 



f^ direction and the main scanning direction) from the target pixel 

D33- 

[0061] The calculation result is inputted to the selector 
382 through its input terminal B, while an input ''^0" is inputted 
thought the other input terminal A at all times. The selector 
382 selects either "'0" or the enhancement amount 0033 according 
to the edge signal inputted from the area judgment unit 390, 
and outputs whichever is selected through the output terminal 
Y. In other words, the selector 382 selects to output the 
enhancement amount 0033 when the edge signal corresponding to 
the target pixel D33 is an ON signal, while selecting to output 
""0" when it is an OFF signal. This is done so because an 
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enhancement amount is applied only to an edge pixel, and also 
because the enhancement amount increasing unit 383 that follows 
uses only the enhancement amount of an edge pixel. 
[0062] The enhancement amount increasing unit 383 increases 
5 each enhancement amount inputted from the selector 382 as 
necessary using a MAX filter 3830 formed of 3 by 3 pixels as 
shown in FIG. 5B. That is, the greatest enhancement amount is 
selected from the enhancement amounts , including the enhancement 
g amount DD^^r within an area that is one column and one row away 

|j 10 vertically and horizontally from the target pixel (in the 
^ sub-scanning direction and the main scanning direction) . The 

nj enhancement amount DD33 is then replaced with the thus selected 

Q enhancement amount . The result of this processing equally means 

Pj that the enhancement amount of the target pixel is increased 

Q 15 by the difference with the greatest enhancement amount found 

m ■ 

within the range of 3 by 3 pixels. Accordingly, the increased 
enhancement amount of each pixel obtained through the above 
processing as a whole involves smaller variations compare to 
the enhancement amounts without such increase. 

20 [0063] Note that when the originally calculated enhancement 
amount to be applied to the target pixel happens to be the greatest 
one in the above area of 3 by 3 pixels, the greatest enhancement 
amount of the target pixel is maintained as it is without any 
increase. The above description of the enhancement amount 

25 increasing unit 383 which reads, "The enhancement amount 

increasing unit 383 increases each enhancement amount •••as 
necessary" refers to such processing. 
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[0064] The enhancement amount having been processed by the 
enhancement amount increasing unit 383 is inputted to the 
selector 384 through its input terminal B, while an input "0" 
is inputted through the other input terminal A at all times. 
Similar to the selector 382 described above, the selector 384 
selects either ''"O" or the increased enhancement amount and 
outputs whichever is selected through the output terminal Y. 
In other words, the selector 384 selects to output the increased 
enhancement amount 0033 when the edge signal corresponding to 
the target pixel D33 is an ON signal, while selecting to output 
^'0" when it is an OFF signal. This is done so because the edge 
enhancement processing unit conducts enhancement processing 

(increase in density) only on edge pixels. 

[0065] On the other hand, the density data "D" of each pixel 
outputted from the color correction processing unit 370B is also 
inputted to the density increasing unit 385. Here, processing 
is conducted to correct the density data of each pixel so as 
to increase the density. In a similar manner to the enhancement 
amount increasing unit 383, the density increasing unit 385 
corrects, with the use of a MAX filter 3850 formed of 3 by 3 
pixels shown in FIG. 5{c), the density data of each pixel so 
as to increase the density as necessary. That is, density data 
showing the greatest density is selected from the density data 
found in an area that is one column and one row away vertically 
and horizontally from the target pixel D33 (in the sub-scanning 
direction and the main scanning direction) , and the thus selected 
density data is designated as the density data of the target 
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pixel D33 after the increase processing (, which equally means 
that the density data of the target pixel D33 is replaced with 
the thus selected density data) . Here, the effect of this 
processing is the same as that achieved by the enhancement data 
5. increasing unit 383 above, and thus description thereof is 
omitted. Hereinafter, the density data after the increase 
processing (including the density data that ends up with no change 
as a result of the processing) is referred to as ''the corrected 
density data". 

g 10 C0066] The corrected density data is inputted to the selector 
g 38 6 through its input terminal B, while the original density 

p| data which has not gone through the increase processing 

(hereinafter referred to as "the original density data") is 
ill inputted through the other input terminal A. The selector 386 

ry 

^ 15 then selects either the original density data or the corrected 

■o ■ 

fjj density data according to the edge signal inputted from the area 

judgment unit 390, and outputs whichever is selected through 
the output terminal Y. In other words, the selector 38 6 selects 
to output the corrected density data when the edge signal 
20 corresponding to the target pixel D33 is an ON signal, while 
selecting to output the original density data when it is an OFF 
signal . 

[0067] The outputs separately from the selectors 384 and 386 
corresponding to the same target pixel are inputted to the adder 
25 387. The adder 387 adds the inputted values and outputs the 
thus obtained value. As a result, the density data inputted 
from the color correction processing unit 370B to the edge 
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enhancement processing unit is subjected to enhancement 
processing in the case where the target pixel is an edge pixel, 
so that the corrected density data to which the increased 
enhancement amount is added is outputted (hereinafter, such an 
output is referred to as "the enhanced density") . When the target 
pixel is not an edge pixel , the original density data is outputted 
from the edge enhancement unit without any change. 
[0068] As has been described above, according to this 
embodiment, the original density data of each edge pixel is 
corrected to increase the density, so that the density variations 
in an edge area are reduced on the whole. In addition, the 
enhancement amount calculated for each edge pixel is increased 
so as to reduce the density variations on the whole. The 
corrected density of each edge pixel (the enhanced density) is 
determined by applying the increased enhancement amount to the 
increased density data (corrected density data) . Accordingly, 
variations in the enhanced density are further reduced comparing 
with the first prior art technique as well as with the second 
prior art technique. 

[0069] Note that the MTF correction processing unit 380 
conducts processing, such as smoothing processing, other than 
above described edge enhancement processing. Yet, such other 
processing is not a main subject matter of this invention, and 
thus description thereof is omitted. 

[0070] Next, description is given to a concrete example of 
the edge enhancement processing described above, as well as to 
comparison of the concrete example of the present invention with 
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another example that embodies the prior art theory using part 
of the construction of the present invention. 
[0071] FIG. 6 is a view showing part of the density data 
outputted from the color correction processing unit 370B. In 
5 this figure, as well as in FIGs. 7-11 that follow, each smallest 
square represents one pixel, and the numeric value in each square 
represents its density or its enhancement amount. The greater 
the ntameric value represents greater density or greater 

^ enhancement amount. Further, the lightly shaded area 

10 represents an edge area. FIGs. 6-11 show the same part of the 

Q same image data, so that the numeric value in a square at the 

same location in each figure is about the same pixel . 

^ [0072] When, for example, a pixel marked with O in FIG. 6 

o 

fU is set as a target pixel, the enhancement amount calculation 

PJ 

W 15 unit 381 performs calculation as shown below to figure out an 

Q 

fy enhancement amount from the target pixel and four pixels marked 

with A using the expression mentioned above. 
[0073] Enhancement Amount=| 60-INT{ (0+100+0+100) 74} 1=10 
[0074] The enhancement amount calculation unit 381 shifts 
20 a target pixel to the right (in the main scanning direction) 
one by one and sequentially calculates an enhancement amount 
for each pixel. 

[0075] FIG .Visa view showing part of the enhancement amounts 
outputted from the selector 382, which is located immediate 
25 downstream from the enhancement amount calculation unit 381. 
The enhancement amounts are "0" when the corresponding pixels 
are not in an edge area. This is done so by the selector 382 
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as described above. 

[0076] When, for example, the pixel marked with O in FIG. 
7 is set as a target pixel, the enhancement amount increasing 
unit 383 replaces the enhancement amount of the target pixel 
5 with the enhancement amount ^MO", which is the greatest 

enhancement amount within the area of 3 by 3 pixels enclosed 
in a heavy-line square centering on the target pixel. Thus, 
^MO" is designated as the increased enhancement amount for the 
p target pixel. The enhancement amount increasing unit 383 shifts 

P 10 the target pixel to the right (in the main scanning direction) 
g one by one, and sequentially increases the enhancement amount 

for each pixel. 

^ [00771 FIG. 8 is a view showing part of the increased 

s 

PJ enhancement amounts that are outputted from the selector 384, 

pf 

fli 15 which is located immediate downstream from the enhancement amount 

a 

PJ increasing unit 383 and inputted to the adder 387. 

[0078] On the other hand, the density increasing unit 385 
conducts processing to increase the density of each pixel shown 
in FIG. 6. When, for example, the pixel marked with O is set 

20 as a target pixel, the density increasing unit 385 replaces the 
density of the target pixel with the density "90", which is the 
greatest density within the area of 3 by 3 pixels enclosed in 
a heavy-line square centering on the target pixel. Thus, "90" 
is designated as the increased density of the target pixel 

25 (corrected density) . The density increasing unit 385 also 
shifts the target pixel to the right (in the main scanning 
direction) one by one, and sequentially increases the density 
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for each pixel. 

[0079] FIG. 9 is a view showing part of the density outputted 
from the selector 386, which is located immediate downstream 
from the density increasing unit 385, and inputted to the adder 
5 387. Note that the densities remain unchanged from those shown 
in FIG. 6 when the corresponding pixels are not in an edge area. 
This is done so by the selector 386 as described above. 
[0080] The adder 387 adds the values that are inputted from 

U the selector 384 and the selector 386, and outputs the thus 

O 

Q 10 obtained result. That is to say, the adder 387 applies the 

m 

fH enhancement amounts shown in FIG. 8 to the densities shown in 

Q ■ 

^ FIG. 9, and outputs the thus obtained result. 

g [0081] FIG. 10 shows part of the output from the adder 387. 

G- 

Pj As is apparent from the comparison of this figure with FIG. 6, 

^ 15 enhancement processing is conducted only on edge pixels. Here, 
5 the difference between the maximum and the minimum values in 

density is referred to as density variations, which represent 
the degree of density inconsistency. The variations in the edge 
area shown in FIG. 10 are 40 (=150-110). 
20 [0082] Next, description is given to the case where edge 
enhancement is conducted according to the first prior art 
technique as a comparative example 1 . As is already described, 
in the first prior art technique, a density enhancement amount 
is calculated for each pixel, and an enhanced density is 
25 calculated by adding the calculated density enhancement amount 
and the original density of each pixel. That is to say, when 
the first prior art technique is applied to the construction 
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according to the embodiment of the present invention, the 
enhancement amounts shown in FIG. 7 is added to the densities 
shown in FIG. 6 to obtain the enhanced densities. The result 
of the addition is shown in FIG. IIA. As shown in the figure, 
5 the minimum density and the maximum density in the edge area 
are "50" and "150", respectively. Thus, the density variations 
of the comparative example 1 in the edge area are 100. 
[0083] Further, description is given to the case where edge 
Q enhancemei:it is conducted according to the second prior art 



m 
m 

H 

m 



technique as a comparative example 2. As is also described, 
in the second prior art technique, a density enhancement amount 
is calculated for each pixel, and the density of each pixel is 
increased in a manner to decrease the density variations in the 

SI ■ 

edge area . An enhanced density for each pixel is then calculated 

PJ 

P 15 by adding the increased density and the calculated density 
PJ enhancement amount. That is to say, when the second prior art 

technique is applied to the construction according to the 
embodiment of the present invention, the enhancement amounts 
shown in FIG. 7 is added to the densities shown in FIG. 9 to 
20 obtain the enhanced densities. The result of the addition is 
shown in FIG. IIB. As shown in the figure, the minimum density 
and the maximum density in the edge area are "90" and "150", 
respectively. The density variations of the comparative 
example 2 in the edge area are 60 . 
25 [0084] As apparently from the above results, the density 
variations in the edge area in this embodiment is 40, which means 
that the density variations i.e. inconsistency in density is 



smaller than the density variations of 60 in the comparative 
example 2, and certainly than the density variations 100 of the 
comparative example 1. 

[0085] Although the present invention has been fully 
described by way of examples with reference to the accompanying 
drawings, it is to be noted that various changes andmodif ications 
will be apparent to those skilled in the art. Therefore, unless 
such changes and modifications depart from the scope of the 
present irjvention, they should be construed as being included 
therein. 



